Background: Body mass index (BMI) is associated with subjective well-being. Higher BMI is believed to be related with lower well-being. However, the association may not be linear. Therefore, we investigated whether a nonlinear (U-shaped) trend would better describe this relationship, and whether eating disorders might account for the association in young adults. Methods: FinnTwin16 study evaluated multiple measures of subjective well-being, including life satisfaction, General Health Questionnaire (GHQ-20), satisfaction with leisure time, work, and family relationships, and satisfaction with sex life in young adulthood in the 1975-79 birth cohorts of Finnish twins (n=5240). We studied the relationship between indicators of subjective well-being and BMI both in full birth cohorts and in subgroups stratified by lifetime DSM-IV eating disorders. Results: We found an inverse U-shaped relationship between all indicators of subjective well-being and BMI in men. There was no overall association between BMI and subjective well-being in women. However, there was an inverse U-shaped relationship between BMI and indicators of subjective well-being in women with a lifetime eating disorder and their healthy female co-twins. Subjective well-being was optimal in the overweight category.
Background
Body mass index (BMI) is associated with both physical and psychological health, including overall mortality, chronic somatic illnesses [1] as well as psychiatric disorders [2, 3] . The relationship with BMI has been found to be U-shaped for mortality [4] , depression [5] , and quality of life [6] [7] [8] .
While the link between obesity and impaired quality of life and lowered subjective well-being has been well documented [3, [9] [10] [11] [12] [13] , less is known about the relationship between subjective well-being and underweight. Low subjective well-being is related to low satisfaction in various life domains and high levels of psychological distress [14] . Low BMI and impaired well-being often coexist in young women [15, 16] , and severe underweight in young women is frequently caused by eating disorders. Anorexia nervosa (AN), bulimia nervosa (BN), and binge eating disorder (BED) affect at least 5.2-6.5% of young females at some point of their life [17] [18] [19] [20] , but the role of eating disorders in lowered well-being of young adults with extreme BMI remains unknown.
In this study, we studied the relationship between BMI and subjective well-being in a representative populationbased sample of young adult twins. Given the high prevalence of eating disorders in this age group, we hypothesized that they could act as an important effect modifier of this relationship. To untangle the effects of eating disorders, we conducted stratified analyses among women with a lifetime eating disorder, their unaffected twin-sisters (representing those with a genetic susceptibility to eating disorders), and women who had neither had an eating disorder nor had a sister with an eating disorder.
Methods

The FinnTwin16 birth cohorts
FinnTwin16 is a nationwide longitudinal cohort study of health behaviors in twins and their families. Virtually all live twin births during [1975] [1976] [1977] [1978] [1979] were identified in the central population registry of Finland. The twins were sent self-report questionnaires when they were 16, 17, 18 and 22-28 y, while their parents participated by answering questionnaires about themselves and the twins' childhood at baseline. In our study we used data from the fourth wave of questionnaires (collected on each birth cohort semi-annually from beginning of 2000 to mid-2002). Data collection and analysis were approved by the ethics committee of the Department of Public Health, University of Helsinki and the Institutional Review Board of Indiana University, while psychiatric interviews of a subset were approved by the ethical committee of Helsinki and Uusimaa Hospital District. The interviewed subjects provided written informed consent, while the questionnaire study was accompanied with an extensive cover letter giving the purpose of the study and details of data protection. Subjects were informed that they could withdraw from the study at any time.
Participants
FinnTwin16 wave 4 consists of self-reported data collected from 2415 males and 2825 females (response rates 78.8% and 90.0%, respectively). The participants were 22-28 years old (mean 24.5, SD 0.94) at the time of the study. The questionnaires assessed various health behaviors and included scales on subjective well-being (described below), as well as a screen on eating disorders, described in detail by Keski-Rahkonen et al. [21] .
Exclusion criteria
We excluded subjects with any of the following conditions, which affect both body weight and subjective well-being: self-reported somatic illnesses (240 men, 276 women), pregnancy (118 women), self-reported lifetime psychosis or current antipsychotic medication (8 men, 7 women). It was not possible to control for depressive and anxiety disorder since the indicators used in our study are designed to measure mental distress and mood.
We excluded from analyses a total of 640 participants (248 men and 392 women) based on one or more exclusion criteria listed above. Weight or height values were missing for 16 men and 13 women (0.6% of the total sample). The sample used in the analyses consisted of 2151 men (out of whom 7 men with a lifetime eating disorder) and 2422 women (out of whom 2242 healthy women, 89 women with a lifetime eating disorder, and 32 healthy female co-twins of women with a lifetime eating disorder).
Female subgroups
Healthy women (n=2242) did not report psychopathology related to eating or weight. We invited women who screened positive for eating disorders (N=292) and their screen-negative female co-twins (N=134) to participate in diagnostic telephone interviews using the Structured Clinical Interview for DSM-IV (SCID; [22] ) to obtain current and lifetime diagnoses of AN, BN, and BED (definition of BED according to DSM-IV research criteria). The diagnostic interviews are described elsewhere in detail [18, 19, 21] . The interviews identified 109 women with lifetime DSM-IV eating disorders. We excluded 20 of these women from the analyses according to the criteria described above. The final sample consisted of 89 women with eating disorders. We identified 52 female twin pairs discordant for DSM-IV eating disorders in our sample. Healthy co-twins did not report symptoms of eating disorders (n=32).
Indicators of subjective well-being
We chose to assess subjective well-being using the following scales. Of these, GHQ-20 is designed for screening psychological distress in community settings and non-psychiatric clinical settings, such as primary care or general practice [23, 24] . It is vastly studied, and shown to predict psychiatric morbidity. Life satisfaction scale is also a well-established measure. It is shown to correlate strongly with Beck Depression Index [25] and predict i.a. the risk of suicide [26] . In addition, we identified items in the questionnaire that had face validity in assessing subjective well-being; these included satisfaction with specific life domains.
Life satisfaction
Allardt's four item scale life satisfaction (1973) measures levels of interest, happiness, easiness and loneliness of life [27] . The response alternatives were scored on a scale from 1 to 5, yielding a range of 4-20. Higher scores indicate higher dissatisfaction in life. Reliability of the scale was good (Cronbach's alpha 0.71).
GHQ-20
General Health Questionnaire (GHQ-20) is a 20-item scale with a sum score range from 20 to 80, higher scores indicating an elevated level of psychological distress. GHQ-20 had excellent reliability in our sample (Cronbach's alpha 0.91).
Satisfaction with leisure time, work, and family relationships
In the questionnaire, subjects assessed their satisfaction with leisure time at home, leisure time spent outside home, success at work or studies, and relationship with their co-twin, mother, father, and with their partner. As these items correlated highly, we used their sum score as a single variable in our analyses, with higher scores indicating higher levels of dissatisfaction. Cronbach's alpha was 0.70.
Satisfaction with sex life
In the questionnaire, subjects assessed their satisfaction with sex life using a 5-point Likert scale, with higher scores indicating higher dissatisfaction.
Body Mass Index (BMI, kg/m 2 ) was calculated from self-reported height and weight. The correlation of measured and self-reported BMI was 0.89, and the means of self-reported and measured BMI differed by 0.93 (95% confidence interval [CI] 0.79-1.07) kg/m 2 in a subset of the cohort (n=566) [28] . For descriptive purpose we classified persons with BMI < 18.5 kg/m 2 as underweight and those with BMI ≥30 kg/m 2 as obese. We used sex-specific Z-score of BMI in all analyses.
Covariates
In regression models, educational level, physical activity index, smoking status, total amount of consumed alcohol per month and drinking to intoxication were set as covariates. Educational level was a four-level categorical variable (compulsory school, vocational secondary education, academic secondary education, and tertiary education) [29] . We calculated physical activity index from the product of self-reported exercise intensity, duration (hours) and yearly frequency (days) as described by Mustelin et al. [28] . Smoking status had three categories based on the self-reported frequency of tobacco consumption: non-smoker (combining never and former smoker), light smoker, and heavy smoker (10 or more cigarettes per day). We used self-reported total amount of alcohol consumed during one month's period and frequency of drinking until intoxication as covariates, as the total amount of consumed alcohol per time unit has been associated with body weight in many but not all studies [30, 31] and drinking to intoxication and alcoholism are associated with psychological health [32] .
Statistical analysis
We conducted statistical analyses using Stata 11.0 software. The U-shaped association between BMI and indicators of subjective well-being was studied using linear regression modeling. We fit initially models with both a linear and a quadratic term for BMI. If the quadratic term (BMI-squared) was non-significant, we examined the significance of the linear association. We proceeded with two sets of analyses in two phases, the first set without adjustments and the second set adjusted for the covariates listed above. We used the whole sample to test the association between BMI and subjective wellbeing in the whole population. Next we applied the same regression models separately for healthy women, women with a lifetime eating disorder and their healthy female co-twins, in order to test the hypothesis that eating disorders or a familial predisposition to such disorders are an effect modifier for the relationship between BMI and subjective well-being. Comparison of the two latter groups indicated whether the association in women with eating disorders was attributable to the disorder or to an underlying familial, possibly genetic susceptibility. All analyses took clustering of twin individuals within pairs into account, as the subjects had been sampled as members of twin pairs [33] .
Results
Descriptive statistics
Men had a mean BMI of 23.9 (SD 3.1) kg/m 2 and women a mean BMI of 22.2 (3.5) kg/m 2 ( Table 1) . Few men (1.2%) were underweight, while 7% of women were underweight (BMI <18.5 kg/m 2 ). Obesity was relatively rare among these young adults, as approximately 4% of both men and women were obese (BMI ≥30 kg/m 2 ) (for distribution of BMI see Additional file 1: Figure S1 ).
Dieting behavior was common: 42.0% of women and 24.4% of men reported intentionally having lost weight more than 5 kg at least once. Current mean BMI was similar in healthy women, in women with a lifetime diagnosis of eating disorder, and in their healthy twinsisters (Table 1) . However, there were considerable differences between the weights of women with different eating disorder diagnoses. Divided by eating disorder diagnosis, the mean BMI was 21.2 (2.4) kg/m 2 in the 32 women with AN, 23.6 (4.3) kg/m 2 in the 37 women with BN, 20.1 (1.2) kg/m 2 in the 9 women with AN and BN, and 26.2 (3.7) kg/m 2 in the 11 women with BED ( Table 2) .
Indicators of subjective well-being
Overall, women reported lower levels of subjective wellbeing than men (higher scores in life satisfaction, GHQ-20 and satisfaction with leisure time, work, and family relationships). Lean men tended to experience lower levels of subjective well-being than obese men, yet this could not be attributed to diagnosed eating disorders (five men had lifetime AN and two had lifetime BED). The opposite was seen among women, as obese women experienced lower levels of subjective well-being than lean women. Women with a lifetime eating disorder and their healthy twin-sisters reported lower levels of subjective well-being than other women (Table 1) . Subjective well-being tended to be lower among women with eating disorders, with remarkably high distress expressed by women with lifetime diagnoses of both AN and BN ( Table 2) .
Association of BMI with indicators of subjective well-being Men
All markers of subjective well-being correlated with BMI in both unadjusted and covariate-adjusted models. The adjusted quadratic regression model showed a Ushaped association curve with life satisfaction (p=0.003) and GHQ-20 (p=0.005), as well as with satisfaction with leisure time, work, and family relationships (p<0.001) and satisfaction with sex life (p<0.001) ( Figure 1 ). The nadir of the U-shaped regression curve for all indicators of subjective well-being varied from +0.72 to +1.59 Z-score, corresponding to BMI of 26.1 to 28.9 kg/m 2 . Given the observed quadratic relationships, linear associations were not studied in men.
Women
The analyses were first done for all women and healthy women, both unadjusted and adjusted for covariates.
No statistically significant U-shaped relationships between BMI and subjective well-being were found in the whole group of women or healthy women (Table 3) . However, in linear models, there was a trend toward association between BMI and dissatisfaction with leisure 1 Higher scores indicate lower levels of well-being. 2 Skewness and kurtosis 1.0 and 3.9 for life satisfaction, 1.7 and 7.5 for GHQ-20, 0.5 and 3.2 for satisfaction with leisure time, work and family relationship, and 0.8 and 3.2 for satisfaction with sex life in men. 3 Skewness and kurtosis 0.9 and 3.5 for life satisfaction, 1.1 and 4.4 for GHQ-20, 0.6 and 3.3 for satisfaction with leisure time, work and family relationship, and 0.9 and 3.7 for satisfaction with sex life in women. 4 Healthy women were defined as not having a history of eating disorders or a twin-sister with a history of eating disorders. Women reporting any psychopathology regarding eating or weight have been excluded. 5 A lifetime eating disorder has been defined as having ever fulfilled the diagnostic criteria of DSM-IV anorexia nervosa, bulimia nervosa or binge-eating disorder. time, work, and family relationships (r=0.088, p=0.059 in the adjusted model). Also, there was a positive linear association between BMI and dissatisfaction with sex life (r=0.057, p= 0.007), which persisted also when the analyses were confined to healthy women (i.e. excluding women with eating disorders and their twin sisters) (r= 0.052, p= 0.016). No other linear associations were found. Among women with lifetime DSM-IV eating disorders, a U-shaped relationship existed between BMI and life satisfaction (p=0.015), GHQ-20 (p<0.001). Same applied to satisfaction with leisure time, work, and family relationships (p=0.002) ( Figure 2 ). The nadir of these regression curves was in the overweight category, ranging from Z-score +1.22 to +1.96, corresponding to BMI of 26.4 to 29.0 kg/m 2 . After excluding women with BED, the nadir of the regression curves ranged from +1.43 to +2.15 Z-score (BMI 27.2 to 29.7 kg/m 2 ). Among healthy co-twins of women with a lifetime eating disorder, a U-shaped relationship existed between BMI and life satisfaction (p=0.044) and, respectively, a trend towards relationship between BMI and GHQ-20 (p=0.066) was observed. The nadir points for these regression curves were +0.41 and +0.59 Z-score (BMI 23.6 and 24.3 kg/ m 2 ), respectively. Table 3 shows the results of the analyses in all women and across the three studied female subgroups (i.e. healthy women, women with a lifetime eating disorder, and healthy female co-twins).
Discussion
In our study, we found an inverse U-shaped relationship between BMI and subjective well-being in men. This relationship was constant across all indicators of psychological health, with highest levels of subjective wellbeing in the overweight category (according to World Health Organization classification of BMI, 1995). In women, BMI and subjective well-being were not associated. However, in females current or earlier eating disorder modified this relationship, and a similar effect modification was also seen among healthy twin-sisters of women with a lifetime eating disorder.
Our findings in men support those of previous studies on the relationship between BMI and subjective wellbeing in males. A positive correlation between obesity and impaired mental health has been identified in many studies [3, 13, 34, 35] , while the opposite has been reported in a few studies [36, 37] . The effect of overweight on mental health remains controversial. A study on 43,534 Dutch adults [5] showed a U-shaped curve between depression and BMI, with least depressive symptoms in the overweight category. In the Canadian CaMos study on 9,423 adults, having weight within the overweight category was associated with slightly better health-related quality of life (HRQOL) in men [8] . In our study, estimates of the optimal BMI in terms of subjective well-being in men varied from 26.1 to 28.9 kg/m 2 .
Having one's weight in the overweight category might even be beneficial for young men's psychological health. This is probably in part attributable to the fact that men usually have higher lean body mass compared to women. BMI does not differentiate between fat and muscle tissue, thus BMI in the overweight range does not necessarily imply an excess of fat tissue. The highest levels of physical activity in men were seen at a BMI of 26.5 kg/m 2 in this study (Additional file 2: Figure S2 ). In addition, young males' body ideal is known to base largely on muscularity, and muscle dissatisfaction in turn is shown to be associated with psychological distress in the same FinnTwin16 cohorts [38] as used in the current study. Another possible explanation may lie in exposure to obesogenic environment; maintaining normal weight in such environment might be more stressful than allowing some weight gain, which in turn would result in optimal well-being in the overweight category in men.
In keeping with our findings, underweight has been related with impaired quality of life in men [39, 40] . Low subjective well-being among men with low BMI in our study could not be attributed to a diagnosed eating disorder, but the effect of subclinical disordered eating and self-reporting bias cannot be excluded.
In studies of BMI and well-being, the authors have reported either an inverse U-shaped relationship [6, 35] , or a negative linear relationship [41] in women. While normal weight appeared to be optimal in most studies [6, 35] , an Australian study reported significantly lower psychological distress in overweight compared to normal weight female participants [36] . A limitation of these studies is that they did not take into account eating disorders, which affect both psychological well-being and body weight, and contribute to underweight in young adult women. In our study, the group means of most indicators of subjective well-being were highest among women with normal weight and lowest among obese women, but the differences were not statistically significant.
The relationship between BMI and subjective wellbeing was somewhat different in women with a lifetime eating disorder. The optimal BMI for subjective wellbeing appeared to be in the overweight range (BMI 26.4 to 29.0 kg/m 2 ), also after excluding women with BED from the analyses. To our knowledge, the relationship of BMI and psychological health has not been studied earlier in women with a lifetime eating disorder. Due to the cross-sectional nature of our study, we were unable to determine how the altered relationship between BMI and subjective well-being develops as a function of time Table 3 Linear regression statistics for the U-shaped adjusted association between Z-score of BMI and indicators of subjective well-being in all women (n=2422), healthy women (n=2242), women with a lifetime DSM-IV eating disorder (n=89), and healthy female co-twins of women with a lifetime eating disorder (n=32) We report the statistics of the quadratic term (BMI-squared).
after onset or recovery. Interestingly, a similar effect modification was observed also in the twin-sisters of women with a lifetime eating disorder who did not report any psychopathology related to eating or weight. This suggests an underlying familial, possibly genetic susceptibility as an effect modifier of the relationship between BMI and subjective well-being. A previous study suggested shared genetic risk for depression and obesity as an explanatory factor for the association between these two conditions in women [42] . The findings on shared genetic transmission of depression and eating disorders have been ambiguous [43, 44] . Our findings suggest that the relationship between BMI and subjective well-being is greatly attributable to a susceptibility to eating disorders in women. This might imply that body weight plays a greater role in the subjective wellbeing of these women compared to women without a susceptibility to eating disorders. Another explanation would be that when being exposed to mental distress, these women more readily react by either losing or gaining weight.
Strengths and limitations
To our knowledge, this is the first study to take into account eating disorders as an effect modifier of the relationship between BMI and psychological health. Due to the population-based study design and comprehensive diagnostic procedures to identify eating disorders, the generalizability of our findings to young adults is good. The BMI and morbidity/mortality of adult twins do not differ from the general population [45] [46] [47] [48] . Our study was cross-sectional, thus causality cannot be evaluated. BMI was a self-reported measure, yet the agreement between the measured and reported values was good [28] . Some of the instruments used in this study may be too crude to detect differences in the general population. This was most obvious for the measure of satisfaction with sex life, which was unable to detect differences between healthy women and women with a lifetime eating disorder, yet sexual dysfunction is common in women with eating disorders [49] .
Conclusions
Our study provides evidence for the inverse U-shaped relationship between BMI and subjective well-being in men. Categorization of body weight in terms of BMI may need to be reassessed in young men. To our knowledge, this is the first study to take into account eating disorders as potential effect modifiers of this relationship in women. Our findings indicate that eating disorders should be taken into consideration in future studies due to the strong inverse U-shaped relationship between BMI and subjective well-being in women with predisposition to such disorders. Body mass index Figure 2 The U-shaped relationship between BMI and life satisfaction in healthy women (p=0.43), women with a lifetime eating disorder (p=0.015), and their healthy female co-twins (p=0.044).
